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This Note describes a programmable in- 
terval timer and counter for use with RCA 
COSMAC Devclopmeni SvslcmsCDPIgSOOl, 
CDPIRSOO;. and CDPi8S004 hardware. 
The CDPI8S00I and CDPIRSOO: utilize Die 
RCA CDPI80I COSMAC Microprocessor; 
the CDP18S004 utilizes the CDPIS02. Tlie 
information given and the lerminology used 
are based on the assumption that the reader 
is famitiar with the COSMAC Development 
Systems irtatniafs. 

Circuit Capabilities 

The circuit for the programmable timer- 
counter is given in 1% end (b). It 
includes two ttoHa sections: a) a controller 

that allows the user to select various clock 
rates and various means of signalling the 
CPU after a given count, and b) an interval 
timer which is a presetlable down counter. 
Table I gives the interconnect information 
few (Iw iniemai timer and the contiollei. 
This unit can lie used in one- or two-level 
1/0 systems. The controller is programmed 
by a single oulpul uislruciion with the bit 
paiiern in M I R(X)] specilymg the commands 
and Ihcir destination. The interval timer is 
accessed as two consecutive bytes in upper 
memory. 

This timer unit permits its user* to set 
the timer clock rale, count external events, 
and signal the CPU at preset intervals. Pro- 
grammable options are: 

• Clock rale, selectable from l.^l-.'psto 
16.804 ms in multiples of 131.3 ^s. 
Faster rales, up to the machine cycle 
time, are possible with simple wiring 
modifications. 

• Repeated timeout pulses at the above 
rates, or a single programmed timeout 
to a maximum of I8.3.'i nnnulcs, 

• Choice of setting an external Hag and 
interrupt at timeout, or just an ex- 
ternal flag. 

• External counter, input for petitiv«-or 
negative-going inputs atknwing counts 
up to 65.5.16. 

• Buffered limeoul oulpul which can be 
used to signal an external device after 
» pte!M»t interval. 
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lm& of €^mSHl3 arc recognized, 
^^eadlni ©n wtietto bft 3 of M [ R{X)] is a 
one or zero. If bit 3 = 1, the commands are 



M(R(X)) = 



o • 



3 = 

Table Hi 

Set Qock Rate* 
T S 5 4 3 2 1 
X X X X 



used to select a clock rjrte. If bit 3 = 0, the 
commands are uwd O iWt tte^Qfttom iot t 
count or timeoi*. IVitM til iftJ-.IV M. 
these commands. 



Summary of Controller ComsnMlt 
6N (1<N<7)+ 
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RATE SET INSTRUGlliJilS 

131.3 ns 
262.6 
525.1 n% 
1.050 ms 
2.100 ms 
4.201 ms 
8.402 ms • 
16.804 ms 



Note: Oulpuls of 8.2 ns, 16.4 /is, 32.8 /js, and 65.6 n% are available at output 
eong«etion 'X', Any ot all of th«n may be used in ptoee of oatwi 
connections T or 'R'. i 
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ACTION 



Disable clock output, reset e.xternal flag, interrupt FF. 
Select external count input as clock. 
Select divide-down option for clock rate set above. 
Select repeated timeouts at clocic rate set above. 
Select single, count-down timeout, not repeated. 
Select interrupt and external flag at timeout.++ 
Select external flag only at timeout. 
Enable clock output, reset external flag, interrupt FF. 

* Assumes ottitt^a \m been Kiccled with appiopriate output instruction and device number, 
or einHe««l I/O ^(tsm is being utilized . 

^ SiuneN turned fUr bpth ctock rate and options programming. 

^ Once the intenupt to Kt. iteM t* lw»t «M^ «^ eeitiMii|« 69 ^ wmMm&m- 



The timer logic is implemented so that, 
when the timer is loaded from software, the 
hexadecimal value should he used; but, when 
llic timer's contents arc read, the complement 
ol' [ho accumulated count is obtained. This 
airaiigemcnt is advanlageous in counting 
applications, as well become apparent in 
Example 4. 

Tlie external count input fires a one-shot 
of approximaleiy 2.7 ms to minimize noise 
problems, Althoiigh this value limits Ike 
external clock input to about 180 kHz, the' 
time constant can easily be changed to Swl 
individual application 'iieeds by iitodtrytng 
C| iintl R| . 

Wlion the timer is used in a Iwo-level I/O 
system. Pin X must be high to select the 
timer control. This pin can be left open for 
one-level systenM beesiiM it is pulled up 
on the card. 

Addressing 

The timer appears as two bytes in upper 



memory location 'FFl-Z' where 'Z' is an 
address selection wired in aceerdanee with 
Table It. The Mih>otder byte of the timer Is 
associated with the higher address number. 



Table II - Signal Levels to Control 
Memory Address 
Assignments 
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Table W- 

Gock Outpsi 



Exteina! Coimt 
Re^t/Oiviie 



interrupt at 
Timeout 




Cttmnitiids 

leOifitleMi 



GtMnniM 



1)01 cOMond 
I ) @3 eommnd 

I ) 05 command 



iComffltnii 

•\\ 00 command 

2) Machine clear 

3) Timeoutt 
(without re- 
peal option) 

1 ) Machine clear 

2) 02 command 

1 ) Machine clear 

2 ) 04 command 
1 ) 07 command 
2 ) Machine clear 

I 00 command 

1 ) Machine clear 

2) 06 command 



^ Change of state triggered on leading edge of signal. 
* For two-level I/O system, controller must be selected 
l)efore external flag can be sampled by program. 
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Timeout Event Actions 

Al the conclusion of a limcoul or counting 
sequence, the following actions occur. 

For the single count-down timeout option, 
the circuit sets the external flag, generates an 
inlcrrupl if selected, and disables furtlier 
clock output. 

For the repeated timeout opttQA, {he 
circuit sets the external flag and genetlll«$, an 
interrupt if selected. 



Machine Qear-State Results 

Wlien the reset button is actuated, the 
following actions occur. The clock output 
is disabled, the external flag is reset, the 
interrupt Is reset, the external flag only is 
set at timeout, the divide-down clodt option 
is selected, and the single count-down time- 
out option is selected. 

Examples 

Following ire four samphi ptegtim. 



Example 1. Use timer to count external 
events to a i^cifie number and then gen- 
■erale-an tntetfap. 



Main Program 



Ini!iali7.e registers 
and intcrriijit Knilinc 
pointers and go state Main 



Interrupt Routine 



Load initial count 
into timer locations 



Initialize controller 
as follows: 
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•Sel X to P 

Assumes '61 ' is select command and OF Is 
conlroller device number. 
Assumes '62' is sel command. 
Use external count input. 
Choose single count down option 
lo enable off pulse at timeout. 
Choose option lo set external flag, 
and generate interrupt at timeout. 
Enable inputs to 
event counter. 



Prooisi 




•Data in M(R(X)) 
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Example 2. Set up timer and conlroller to timeout, and generate an interrupt in 4,5<) min. 
Main Program \ bitemipt Routine 



Initialize registers 
and interrupt routine 
pointers and go state Main 



Load maximum count 

'FFFF' iiilM limer 



Initialize controller 
as follswi: 



3 



EP 

(.1 

6 

mj 

6 J 



fl2J 



Set X lo P 

Assumes '6 ! ' is select command and 
'OF' is controller device number. 
Assumes '62" is sel commaMt. 
Choose divide down clock fate. 
Sel divide down clock 
rale al 4.201 ms. 
Choose single coiml- 
down linicoiil . 

Choose option lo set external Rag 
and generate interrupt at linieoul. 
Bnablc clock output 
lo interval limer. 



Process 



Save stale of 
interrupted process 



Issue '6200' lo 
reset interrupt 



Issue "6207" lo reset 
interrupt und enable clock 




No 



Service other 
inlerrupl 



Restore machine 
stale and return 



Example 3. Ulilizc controller lo generate 
repeated flmeoul al divided-down clock rale 
of one cver\ T I iiiillisecomls. Do not. 
Nl:iin I'mi^rain 



Initi.ili/c Registers 
and gu slate Main 



[ 



Initialize ^'Oitlrcrtiei' 
as Mows: 



] 



Set X lo P. 

Assumes '61 ' is select command and 
'OF" is conlroller device number. 
Assumes '62' is sel command. 
Choose divide-down clock rale. 
Select repeated timeouts al 
divided-down clock rate, 
Choose external flag Wily to 
be set at timeout. . - 
Selcci divided-down clod 
rate of 2.100 ms. 
Enable clock 
output. 



however, generate an inlerrupl al limeoul. 
External flag will be sampled when con- 
venient in main progrsin^ 



Somew here iii I he main 
|W«^mm code, ihe following 
sllould appear. 



Process 




select 
conlroller 



No 



Service limed function. 
Issue '6207' to reset llag 
and enable clock- 



/ 
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Example 4. Count evcnlsaiid accumulale 
sum in limer lo a maximum of 65,536. In 
this case timeout is not wanted unless entire 
count is exiiausled. Sum can be sampled in 
program by examining timer locations. Timer 
should be initialized lo X'FFFF' which, when 
read back bi eoniplCmeiiled Torm, will ip- 



iTiili;ili/c registers atui 
inlci I wpi [Oil I iiic p< 'in 101 

.lllu SUilc M.llli. 



l-oad count of 'FFFI-' 
into timer lucaliuns 



Initialize controller 
as follows: 



.P Sci \ 111 I'. 

I I Assumes 'fi i ' is select coiiiiiuikI and 

CI' I OF' is c«>ntroUeT<le»iEe number. 

a Assumes "62' is set commiuvd. 
.Select external count input. 

62 I Choose single count- 

0-j down linieoul. 

6J I Choo.se option 1(1 SCI cMciiuil llag 

Q-^ and generate interrupt at timeout. 

(STI Enable clock 

07 I output. 



pear as X'OOOO'. The first count will decre- 
ment X'FFFF" lo X'FFFE" and if accessed 
by program will correctly be read as X'OOOI". 
When the timer's contents in this imule (clock 
not synchroni/cd sviih machine insiruclions) 
are exammed. the reading should not be 
considered valid iiniil Iwo consecutive ac* 
cesses yield the same value. 

InleiTupt Routine 



Save slate of 
interrupted process. 




No 



Increment a count 
if desired, 




.Service ol hci' 
interrupt 
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Restore timer 
count. Issue 
'(i207' to reset 
iiilcirupl and 
enable clock. 




Restore niuchinc 
slate 
an4 return. 







Proce5is 



Anylinie 
during 
processing 
liniei 
iiiuy be 

sampled. 
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Read [imcrs 
conientsM 
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♦ 


Read liincis 
comciits * B 



Yes 



No 



Valul loading 
may he acted 
upon. 



Losdiag the Counter 

The following program shows how to load 
an initial value tato the counter. 



Instruction Comments 

F8 
XX 



Load high-order byte of 
count into D 



S3 Store into higli-order byte 
of counter; assumes R(3) ° 
FFFZ where Z* 1^,5.7,9, 
B.D.I' cormponiing to the 
timer's address. 

23 Decrement R3 

F8 Load low-order byte 
XX of count into D 

S3 Store into low-order byte 
of counter. 



When Incorpofsting RCA Solid Stit* 0«v|c«l in 
•quipmflnt, it ii recommandad that tha datlgnar 
ralar to "Oparaling Conaidarattont for RCA si«H4 
Sun Oovlen" Form No. lCS-402, oaHoUo on 
roQuoat ** 



